The aim of study was to determine genetic similarity among sixteen alfalfa populations using the AFLP technique. Plant material was selected considering the high genotypic variability. It included populations of different origin: native forms of alfalfa (secondary ecotypes), inbred lines, single hybrids, synthetic populations, varieties and mutants. Analysis was carried out using 10 combinations of primers. It was noticed, that in case of the studied alfalfa populations, the highest polymorphism was obtained using primers with three selective nucleotides. The genetic similarity coefficients were calculated by the method of Nei and Li. Those coefficients were used for the hierarchical grouping of objects by the unweighted pair group method of arithmetic means. Results of the grouping were presented in the form of dendrogram. Values of coefficients ranged from 0.3311 (between the inbred F line and the Ulstar variety) to 0.8076 (between ecotype 27 and the synthetic population Syn 7-3). Dendrogram of genetic similarity obtained in this way did not fully correspond with the known data about the studied populations' origin. Considering the genetic similarity, inbreed line F was the most outlying from the studied populations of alfalfa.
INTRODUCTION
Alfalfa is one of the most important perennial fodder plants supplying the greatest amounts of dry and green biomass as well as protein from one ha. Protein obtained from alfalfa is characterized by a very favourable composition -it is rich in exogenous aminoacids. Being a perennial plant with very deeply penetrating root system, it plays a structure-creating role exerting an influence on soil fertility and improving its structure. Its deeply reaching root system causes translocation of nutritive soil components from the deeper layers to the shellower ones. Being a papilionaceous plant, alfalfa enriches soil with nitrogen thanks to its symbiosis with nodule bacteria (Rhizobium meliloti). Among the postharvest remains in the soil, 80% of them consist of roots which contain 90-120 kg N/ha (Staszewski 1975) . DOI: 10.2478/v10129-010-0006-6 In the climatic conditions of Poland, there appear many problems connected with seed setting and with alfalfa fecundity. Alfalfa belongs to thermophilous plants originating from south-western Asia, hence the poor setting of pods and seeds may be the result of weather conditions characteristic of Polish climate: lower temperature, shorter time of insolation, as well as an unfavourable distribution of rainfalls in the blooming period. Poor setting of pods and seeds may be also caused by the properties of the particular alfalfa genotype (Julier et al. 1995) .
It seems justified to look for genotypes which are adapted to local climatic conditions, or which do not react with a significant decrease in their seed yield. Such genotypes could be also utilized in breeding of this species in order to obtain varieties with an increased seed setting ability. However, it is known that an excessive genetic distance between the components used in the crossings may cause difficulties in obtaining hybrids.
Molecular markers are widely used in many species (Bachmann 1994 , Staub et al. 1996 , including many papilionaceous plants: alfalfa (Medicago sativa) (Yu and Pauls 1993) ; red clover (Trifolium pratense) (Kongkiatingam et al. 1996) and white clover (Trifolium repens) (Gustine and Huff 1999) .
Among the great number of actually available molecular techniques (Rafalski et al. 1996 , Staub et al. 1996 , the AFLP (Amplified Fragment Length Polymorphism) technique (Vos et al. 1995 ) is especially useful in the studies on genetic variability. This technique combines digestion with restrictive enzymes with PCR (Polymerase Chain Reaction). Enzymes generate "sticky ends" which are joined by 20-30 nucleotide fragments (adapters). Then, reaction of pre-amplification is carried out and it is followed by specific amplification. These markers show a wide polymorphism, sometimes, it is possible to distinguish homo-and heterozygotes by the estimation of band intensity. A merit of AFLP markers is the fact that they generate a significantly greater number of differentiating bands than the RAPD markers, permitting a more precise estimation of genetic similarity. Furthermore, in case of AFLP markers, there is no problem with result repeatability which is frequently observed in case of RAPD markers (Jones et al. 1997) .
The objective of the presented paper was the determination of the genetic similarity between sixteen alfalfa populations of diversed origin by using the AFLP (Amplified Fragment Length Polymorphism) technique.
MATERIAL AND METHODS
Plant material included 16 populations of alfalfa (Medicago sativa L. sl.), originating from the collection of the Department of Plant Genetics and Breeding, University of Life Sciences in Poznañ (Poland). Populations for studies were selected regarding the wide genetic differentiation, therefore, they included ecotypes, registered varieties, inbred lines, synthetic populations and mutants. Examinated populations are shown in Table 1 . of 2500 mg/ml. Bulked samples representing examined populations were prepared from plant material obtained from 10 single plants. AFLP analysis was carried out in the following way: isolated genomic DNA was subjected to digestion by restrictive enzymes EcoRI and MseI. During digestion, samples were incubated for 3 hrs at 37°C and 15 minutes at 70°C. Subsequently, ligation (i.e. connection of adapters) was carried out and preamplification was performed (lasting for 20 cycles, according to the following program: denaturation (94°C) -30 seconds; annealing (56°C) -60 seconds; amplification (72°C) -60 seconds. Selective amplification was carried out in 20 ml of mixture including the diluted DNA matrix (after pre-amplification), the EcoRI and MseI primers, deionized water, dNTP, PCR buffer 10×, MgCl 2 , Taq polymerase. Samples were placed in a thermocycler with the following program: the first 2 cycles -denaturation (94°C) -1 minute, annealing (65°C) -1 minute, amplification (72°C) -2 minutes; successive 9 cycles -the amplification temperature was decreased in each cycle by 1°C, then there followed successive 35 cycles: denaturation (94°C) -1 minute, annealing (56°C) -1 minute, amplification (72°C) -2 minutes. In following analysis, primers with three and four selective nucleotides were used, but using only the first primers a satisfactory level of polymorphism has been reached.
The electrophoresis of amplification products was carried out on 5% polyacrylamide gel in 1M TBE for 2.5 hours at 2400 V and 400 mA intensity. After the termination of electrophoresis, the gel was coloured with silver nitrate and sodium carbonate. After the colouring of bands, they were fixed with acetic acid, then the gel was rinsed in distilled water and dried in a vacuum drier.
After the analysis, the polymorphic bands were summed up. The coefficients of genetic similarity (GS) were calculated using the formula by Nei and Li (1979): where: N AB is the number of alleles present both in object A and in object B, N A -the number of alleles present in object A, N B -the number of alleles present in object B.
Those coefficients were used for the hierarchical grouping of objects by the unweighted pair group method of arithmetic means. Results of the grouping are presented in the form of dendrogram. All statistical calculations were performed using GenStat v. 7.1 (Payne et al. 2003) .
Out of 25 tested primer combinations 10 generated a high polymorphism and on their basis, the genetic similarity was estimated ( Table 2 ).
The tested primers' combinations generated from 32 to 70 polymorphic products (Table 2) . Totally for all the primers and populations 531 bands were obtained, and on this basis dendrogram of genetic similarity was created. Maximal number of polymorphic fragments was generated by the primers E-ACT/M-CTA -70. The least number of polymorphic products was generated by primers E-ACA/M-CAA -32. The highest mean number of polymorphic fragments per one population was obtained for the primer pair E-AGC/M-CAA -29.9, while the lowest number for the combination E-ACA/M-CAA-12.1 of product per one lane. The molecular mass of the obtained fragments oscillated from 100 to 1400 base pairs.
Genetic similarity of the studied alfalfa populations was rather strongly differentiated. The least similarity was observed between the inbred F line and the Ulstar variety (GS = 0.3311) ( Table 3 ). The highest similarity was shown by the ecotype 27 and the synthetic population Syn 7-3 (GS = 0.8076). It is worth noticing that the inbred F line has shown to be the least similar to other studied populations.
In the dendrogram of genetic similarity, one can notice distinct clusters combining populations similar from the genetic point of view (Fig. 1 ) Values of similarity coefficients in these groups are high and they are contained within 0.6718 -0.8076. The first of the clusters includes the Ulstar variety and the 'tf' mutant. These objects are similar to each other at the level of Table 3 Coefficients of genetic similarity estimated using the method of Nei and Li ( Numbers represent following genotypes: 1 -ecotype 27, 2 -ecotype 12, 3 -Du Puits, 4 -Radius, 5 -Sitel, 6 -Vernal, 7 -Syn 7-3, 8 -Syn 9-3, 9 -F line, 10 -B 10 line, 11 -B 10 ×F hybrid, 12 -F×B 10 hybrid, 13 -br mutant, 14 -tf mutant, 15 -lp mutant, 16 -Ulstar variety 0.7152. The second cluster is created by mutants 'br', 'lp', population Syn 9-3 and B 10 line. The similarity coefficients between these objects range from 0.7159 to 0.7762. In the third group of similarity, there are the hybrids F × B 10 and B 10 × F, the varieties Radius and Vernal, ecotype 27 and population Syn 7-3. The values of similarity coefficients between the objects in this group are from 0.6718 to 0.8076 (this value is the highest similarity coefficient observed among the studied objects). The last observable cluster represents a group including the ecotype 12 and the Du Puits variety (GS = 0.6613).
DISCUSSION
In the following study, an attempt has been made to estimate the genetic similarity of 16 diversed alfalfa populations by using the AFLP technique. Plant material showed a differentiated origin, it included both the registered varieties, inbred lines, indigenous forms (local ecotypes) and mutants (the studied forms referred to the inflorescence mutations).
10 combinations of primers generating the highest number of polymorphic bands among the 25 tested ones were used. Using them, 12.1 to 29.9 polymorphic bands were obtained (Table 2) per one combination of primers (on the average, for one studied population). It was a smaller number than that obtained by Chen et al. (1999) who used AFLP analysis in orchids and obtained 30-60 bands for each plant. Taking into consideration all used combinations, the mean number of products obtained for one population amounted to about 205. This number was also smaller than that obtained by Obert et al. (2000) . The latter authors observed about 350 products per one plant in case of alfalfa (also for 10 primer combinations). They also found that the best AFLP pattern was obtained when the primers with four or with three selective nucleotides were applied. In our present studies, primers with 3 selective nucleotides were selected (Table 2) . Primers with four selective nucleotides did not give any satisfactory result in case of the analyzed alfalfa populations.
In the presented analysis of alfalfa genetic similarity, bulked DNA samples were used. They were prepared after mixing of the plant material sampled from 10 single plants. The strategies of obtaining bulked samples were initially based on the mixing of equal amounts of genome DNA extracts obtained from single plants. However, an equally effective method consists in the combining of leaf and seed samples (Golembiewski et al. 1997 , Kongkiatngam et al. 1996 , Sweeney and Danneberger 1995 , although in this case, the particular genotypes may not be represented in the sample in equal proportions. In our analyses, collective samples were utilized.
According to the observations made by Kölliker et al. (2001) , who carried out a genetic similarity analysis in white clover (Trifolium repens L.), the utilization of collective samples gave in result a slightly simpler profile of bands, in comparison with the profile obtained from single plants of a given variety. They found that about 90% of products present in the profiles of single plants were present in the profile of a collective sample of a given variety. A definite majority among the products lacking in the collective profile consisted of rarely occurring bands which appeared in less than 25% of single plants. Furthermore, it was shown that dendrograms made for collective samples and single plants did not differ significantly. Also Michelmore et al. (1991) reported that the combining of DNA samples originating from one object, not only significantly reduces the number of samples necessary for analyses, but it also results in the absence of rarely occurring alleles simplifying thereby the electrophoresis profile of the given variety.
Genetic similarity of alfalfa in the presented studies carried out with the help of AFLP markers oscillated from 0.3311 to 0.8076 (Table 3) . These values were similar to those defined by Kölliker et al. (2001) for different varieties of white clover. Those authors found that the genetic similarity between the clover varieties studied by them showed the values from 0.42 to 0.92.
The following studies have confirmed that AFLP markers can be used to the estimation of alfalfa's genetic distance. An analysis of the genetic similarity dendogram shows that AFLP markers did not group the studied populations in reference to their origin or even phenotype -forms with long peduncle ('lp' mutant and Ulstar variety) were in different clusters. The values of similarity coefficients between the Ulstar variety, 'lp' mutant and Radius variety (i.e. components from which it has been created) was 0.6875 and 0.6387, respectively (Table 3) , although, it could have been expected that these coefficients should be higher. Similar value of genetic similarity between the inbred F line and the single hybrids FxB 10 and B 10 xF was very low, their values were: 0.3465 and 0.4064, respectively. Equally low value was shown by the coefficients between the synthetic population Syn 9-3 and the inbred F line (this line constituted one of the components used for the creation of this population) -its value was 0.4069. However, the similarity between the second of the studied inbred lines (B 10 ) and both single hybrids was significantly higher (0.7494 and 0.7110, respectively). The similarity coefficient between that inbred line and the Vernal variety (which was one of the parental components used for its creation) was also high, amounting to 0.7042. Interesting is, that the F inbred line differed significantly from other studied objects. It is possible that it resulted from the fact that for the creation of this line, except other components, wild forms of Medicago falcata (yellow-flowered alfalfa) were used, with which none of the other studied populations was related.
CONCLUSIONS
In the following studies of alfalfa genetic similarity, the highest polymorphism were obtained using combinations of primers with three selective nucleotides. Examinated populations of alfalfa have not been grouped on the dendrogram of genetic similarity in reference to their origin or even phenotype. The cause that inbreed line F was the most outlying from the studied populations of alfalfa appears to be its origin -this line was obtained by crossings between M. sativa and wild forms of M. falcata.
